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rOMPOSmON ^ FOR INHALATION 

This invention .-rlatcs to methods and compoMtions for delivery of 
medically useful peptides and proteins. 

Rark p ;round of the Invention 

Alihouch the advent of recombinant DNA technology has resulted in 
a rapidly expanding list of peptide-based drugs, a major drawback of pcptidc-bascd 
therap.N has acuicl> hampered realization of the full potential of this field: in 
general, pepude-based drugs cannot be orally administered in effective doses, since 
they arc rapidly degraded by enzymes in the gastrointesunal tract before they can 
reach the bloodstream. Unless the pohpcptide of interest can be altered to make it 
relatively resistant to such enz>-mes. the only practical method of delivering the 
drug is likely to be a parenteral route, such as by intravenous, intramuscular, or 
subcutaneous injection. Administration by other parenteral routes (e.g.. by 
absorption across nasal, buccal or rectal membranes, or via the lung) has met uith 
limited .success. 

Summan.- of the Invendon 
It has been found that when a peptide or protein (hereinafter 
collectively referred to as pol>TXTiicics> is corr^bined with an appropriate absorption 
enhancer and is introduced into the lung in the form of a powder of appropriate 
panicle size, it readily enters the pulmonary circulation by absorption through the 
layer of epithelial cells separating the alveoli from the pulmonary vasculature 
This is conveniently accomplished by inhalation of the powder from a inhaler 
device which dispenses the correct dose of powdered poh-pepudeyenhanccr in a 
particle size which maximizes deposition in the lo^^■er respiratory tract, as opposed 
to the mouth and throat (For case of reference, the poh-peptide and enhancer are 
hereinafter collectively refcned to as the "active compounds"). To accomplish this 



preferential delivery into the lung, as much as possible of the active compounds 
should consist cf particles having a diameter less than approximately 10 pm (e.g.. 
between 0.01-10 pm, and ideally between 1-6 pm). In preferred embodiments, at 
least 50^55^ (preferably at least 601t. more preferably at least 70*^. stiU more 
preferably at least 80^. and most preferably at least 90^^) of the total mass of 
active compounds which exits the inhaler device consists of particles within the 

desired diameter range. 

The invention thus includes a pharmaceutical composition containing 
a mixture of active compounds (A) a pharmaceutically active pol>'pcptide and (B) 
an enhancer compound which enhances the systemic absorption of the polypeptide 
in the lower respirator, s. stem (preferably the lungs) of a patienu the mixture 
being in the form of a dry powder suitable for inhalation, in which at least 50% of 
the total mass of active compounds (A) and (B) consists of primary particles 
having a diameter less than or equal to about 10 microns. The primary particles 
may be packaged as such, or may optionally be formed into agglomerates, which 
then arc subsiantially deagglomerated prior to entry into the respiratory tract of the 
patient. The composition may of course contain other ingredients as needed, 
including other pharmaceuticallv active agents, other enhancers, and 
pharmacologjcally acceptable excipients such as diluents or carriers. Therefore, the 
therapeutic preparation of the present invention m.ay conuin only the said active 
compounds or it may contain other substances, such as a pharmaceutically 
acceptable carrier. This carrier may largely consist of particles having a diameter 
of less than about 10 microns so that at least 50 % of the resultant powder as a 
whole consists of optionally agglomerated primary panicles having a diameter of 
less than about 10 microns; alternatively the carrier may largely consist of much 
bigger particles ("coarse particles"), so that an "ordered mixture" may be formed 
between the active compounds and the said carrier. In an ordered mixture, 
alternatively known as an interactive or adhesive mixture, fine drug particles (in 
this invention, the active compounds) are fairly evenly distributed over the surface 
of coarse excipient particles (in this invention, the pharmaceutically acccpubk 



carrier). Preferably in such case ihe acUve compounds arc not in the form of 
agglomerates prior to formation of the ordered mixture. The coarse particles may 
have a diameter of over 20 microns, such as over 60 microns. Above these lower 
limits, the diameter of the coarse particles is not of critical importaiKC so various 
coarse particle sizes may be used, if desired according to the practical requirements 
of the particular formulation. There is no requirement for the coarse particles in 
the ordered mixture to be of the san>e size, but the coarse particles may 
advantageously be of similar size within the ordered mixture. Preferably, the 
coarse panicles have a dian>eier of 60 - 800 microns. 

The polypeptide is preferably a polvpeptide hormone other than 
insulin, such as vasopressin, glucagon, corticotropin (ACTH), gonadotrophin 
Outeinizing hormone, or LHRH), calcitonin, C-peptide of insulin, growth hormone 
(HG), grovMh homione releasing hormone (GHRH), desmopressin, ox>locin, 
corticotropin releasing hormone (CRH), somatostatin analogs, gonadotropin agonist 
analogs (GnRHa», atria! natriuretic peptide ChANP), ih\Toxine releasing hormone 
(TRHrh), follicle stimulating hormone (FSH), prolactin, or melanoc>lc stimulating 
homione (MSHV Alternatively, the polvpeptide may be a growth factor, an 
interleukin; an antigen-binding fingment of an antibody; a targeted hybrid toxin; a 
pohpeptide vaccine, an enz\Tne; an endorphin, or a soluble, ligand-binding 
fragment of a cellular receptor. The pol\peptide preferably has a nwlecular weight 
of less than about 40 kD; more preferably, less than about 30 kD; and even more 
preferably, less than about 15 kD. Most preferably, the pol\-peptidc has a 
molecular weight of less than lOkD. 

The enhancer compound used in the comjwsitions of the present 
invention can be any compound which enhances the absorption of the polypeptide 
through the epithelium of the alveoli, and into the systemic circulation. By 
''enhances absorption" is n>eani that the amount of polxpeptide absorbed into the 
systemic circulation in the presence of the enhancer is significantly (p<0.05) higher 
than the amount absorbed in the absence of enhancer. 

The anrK>unt of insulin absorbed according to the present invention ts 
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preferably at least 150% of the amount absorbed in the absence of enhancer. In 
preferred embodiments, absorption of insulin is at least doubled, more preferably 
tripled, and most preferably quadrupled in the presence of the enhancer, compared 
to in its absence. 

5 The enhancer is preferably a surfactant such as a salt of a fany acid» a 

bile salt, or a phospholipid. The enhancer may be, for example, a sodium, 
potassium, or organic amine salt of the fatty acid, and the fatty acid is preferably 
capric acid or another fatty acid of 8-12 carbon atoms. The preferred enhancer is 
sodium capnte. The ratio of pohpeptide to enhancer will preferably vary from 

10 about 9:1 to about 1:1. Although proportions of enhancer greater than 1:1 would 
presumably enhance uptake as well as or bcner than lower proportions, it is 
believed that the amount of enhancer used should be no higher than necessary to 
acheivc the desired level of enhancement since excess enhancer may trigger 
unwanted side effects, such as local irritation. 

15 Also within the invention is a method of administering systemically a 

pharmaccuticaliy active poK-peptide, by causing a patient to inhale the 
pharmaceutical composition of the invention, wherein at least 50% of the total 
mass of the active compounds at the point of entry to the respiratory tract of the 
patient consists of particles having a diameter less than or equal to about 10 

20 microns. This is preferably accomplished by the use of an inhaler device from 

which the patient inhales the powder. Where the powdered composition is in the 
form of agglomerates of primary particles, the device is preferably configured to 
induce substantial deagglomeration of the agglomerates upon inhalation of the 
powder from the device by the patient, so that the majority of the agglomerates 

25 break down into particles having a diameter less than or equal to about 10 microns, 
prior to entry of the powder into the respiratory system of the patient This 
deagglomeration would occur inside the device, ar>d is t>pically induced by the air 
lurbuIerKe created in the device by the force of inhalation. Agglomerates arc in 
general preferably not formed in the ordered mixture. In the case of an ordered 

30 mixture, the active compourxls should be released from the large particles 



preferably upon inhalation, cither by mechanical means in the inhaler device or 
simply by the action of inhalation, or by other means, the active compounds then 
being deposited in the lower respiratory tract and the carrier particles in the mouth. 

The inhaler device is preferably a single dose dry powder inhaler, but 
may alternatively be a multi dose dry powder inhaler. 

The invention also includes processes for the manufacture of a 
pharmaceutical composition suitable for administration by inhalation. In one such 
process, a solution is frrst provided in which are dissolved (a) a pharmaceutical! y 
active pol\peptidc and (b) an enhancer compound which enhances the systemic 
absorption of the polypeptide in the lower respiratory tract of a patient The 
solvent is then removed from the solution to yield a dry solid containing the 
pol>pcpiidc and the enhancer, and the dry solid is pulverized to produce a powder. 
A second such process iiivolves dry mixing (a) a pharmaceutically active 
pol>pcptide and (b) an enhancer compound, and micronizing the obtained mixture. 
Yet a third suitable process includes the steps of providing a Tu-st micronizcd 
preparation containing a poh-peptide and a second micronized preparation 
containing an enhancer compvDund, and mixing the two micronized preparations 
together. WTien a carrier is to be included other than when an ordered mixture is 
desired, this may be added to the solution, or to the dr>'-mixmrc of the 
pharmaceutically active polypeptide prior to micronization, or micronised carrier 
may be dry mixed with the other micronised components. In producing an ordered 
mixture, micronised poI>'peptide and enhancer arc mixed with a suitable carrier. 

Brief Description of the Drauincs 

Fig. 1 is a graph illustrating the effects of different concentrations of 
sodium caprate enhancer on the transport of a marker compound (mannitol) 
through a monolayer of cultured epithelial cells. 

Fig 2 is a graph illustrating the effects of different concentrations of 
sodium caprate enhancer on the transport of a marker compound (mannitol) 



through a monolayer of cultured epithelial cells, in the presence of insulLi (sodium 

capratc:insulin 1:3 b>' weight). 



Detailed Description 
Some of the preferred embodiments of the invention arc generadly 
described below. 

The PolNTcrtide 

The pol>peptide to be delivered by the method of the invention can be 
any mcdicaliV or diagnov^tically useful peptide or protein for uhich systemic 
dclivenr is desired. Suiuibly the polNpeptide may be a peptide hormone such as 
insulin, vasopresNin, glucagon, corticotropin (ACTH), gonadotrophin (luteinizing 
hormone, or LHRH), calcitonin. C-peptide of insulin, growth hormone (HG), 
grouih hormone releasing hormone (GHRH), desmopressin, oxviocin, corticotropin 
rcleasmg hormone iCRH). somatostatin analogs, gonadotropin agonist analogs 
(GnRHa), auiaJ naniunrur peptide (hANP), thvToxine releasing hormone (TRHrh), 
follicle stimulannc honrrione TFSH), prolactin, and melanoc>ie stimulating hormor>e 
'MSH). 

Other possible polvpcpbdcs include grovkih factors such as 
eryihropoietin, ner\e gro^Mh factors, bone morphogenic proteins, insulin-like 
growth factors, Lhe interleukins, ner\e grov^ih factor fNGF), epidermal growth 
factors rEGF), platelet-derived grov^ih faaor (PDGFj, hematopoietic colony- 
stimulatmg factors (such as CSF-1, granulocjie-macrophage (GM)-CSF. and 
macrophage (N!>-CSF), transforming grouth factor 3 (TGFp), the interferons (a, p. 
and y). tumor necrosis factor (TNF) a and p. superoxide dismuthasc (SOD), 
lactoferrin, acidic isofemtin, activin, aiKl inhibin; antigen-binding fragments of 
antibodies ^e p., FAB fragments); immunotoxins and other targeted hybrid toxins, 
both chcmicall> conjugated aiKl genetically engineered (e g., the bacterial toxin- 
based hybnds disclosed in PCT International Publication No. W083/t)3971); 
f>olypeptide vaccines (e.g., diphtheria toxin genetically engineered to destroy its 
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enzymatic activity and thcnrfore its c>'totoxicity); and soluble, ligand-binding 
fragments of the extracellular donuins of cellular receptors (e.g.. soluble CD4 for 
combatting HIV infection). Any given peptide or protein can be readily tested by 
one of ordinary skill for use in the methods of the invention by combining it with 
5 an absorpuon-cnhancing agent as described herein, and testing the combination in 
the in VIVO or in vitro assays described below. It is expected that most if not all 
polypeptides of small to medium size (e.g.. up to approximately 40 kD. preferably 
up to 30 kD. more preferably up to 15 kD. and most preferably up to 10 kD), 
relatively high water solubilit>. and an isoelectric point between approximately pH 
10 3 and pH 8 can be effectively delivered by the methods of the invention. 

The Enhancer 

The use of an absorption enhancer is of critical importance, as the 
polv-pcptide alone is poorly absorbed through the lung. The enhancer used can be 
15 any of a number of compounds which act to enhance absorption through the layer 
of epithelial cells lining the alveoli of the lung, and into the adjacent pulmonary 
blood supply. The enhancer can accomplish this by any of several possible 
mechanisms: 

( 1 ) Enhancement of the paraccllular permeability of the polypeptide 
20 by inducing structural changes in the tight junctions between the epithelial cells. 

(2) Enhancemen- of the transcellular permeability of the polypeptide 
by interacting with or extracting protein or lipid constituents of the membrane, and 
thereby perturbing the membrane's integrity. 

(3) Interaction between enhancer and the polj peptide which increases 
25 the solubility of the polvpeptide in aqueous solution. This may occur by 

preventing formation of polypeptide aggregates (dimers, trimers, hcxamers). where 
such aggregates are oiher^nse prone to occur, or by solubilizing the polypeptide 
molecules in enhancer micelles. 

(4) Decreasing the viscosity of, or dissolving, the mucus barrier 

30 lining the alveoli and passages of the lung, thereby exposing the epithelial surface 
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for direct absorption of the polypeptide. 

Enhancers may function by only a single mechanism set forth above, 
or by two or more. An enhancer which acts by several mechanisms is more likely 
to promote efficient absorption of the polypeptide than one which employs only 
one or two. For example, surfactants are a class of enhancers which are believed 
to act by all four mechanisms listed above. Surfactants are amphiphilic molecules 
having both a lipophilic and a hydrophilic moiety, with var>'ing balance between 
these two characteristics. If the molecule is very lipophilic, the low solubility of 
the substance in water may limit iLs usefulness. If the hydrophilic part 
overwhelmingly dominates, however, the surface active properties of the molecule 
may be minimal. To be effective, therefore, the surfactant must strike an 
appropriate balance between sufficient solubility and sufficient surface activity. 

Another surfactant property that may be of importance is the net 
charge of the surfactant at the pH value in the lung (approximately 7.4). For 
example, insulin (which has an isoelectric point of 5.5) has a negative net charge at 
pH 7.4. This results in an electrostatic repulsion between insulin nx)Ieculcs, which 
in turn prevents aggregation and thereby increases the solubility. If the surfactant 
also is negatively charged, yet can interact with insulin by, for example, 
hydrophobic interactions, additional repulsion among the insulin molecules will 
occur. Therefore, an anionic surfactant will possess the additional advantage 
(compared to those having neutral or net positive charge at physiological pH) of 
enhancing absorption by helping stabilize insulin, or other polypeptides which 
behave similarly to infulin, in the monomeric state. 

One very promising type of enhancer is the salt of a fatty acid. It has 
been found that the scxlium salt of a saturated fatty acid having a carbon chain 
.ength of 10 (i.e., sodium caprate) performs very well in the method of the 
invention. If the chain length is shorter, the surface activity of the surfactant may 
be too low, and if the chain length is longer, decreased solubility of the fatty acid 
salt in water limits its usefulness. 

A counterion other than sodium may increase the solubility of the 



saturated fatty acid salt in water, such that a carbon length greater than 10 would 
prove even more advantageous than docs sodium capratc. Since salts of 
unsaturated fatty acids are more water soluble than salts of saturated fatty acids, 
the former can have a longer chain length than the latter and still maintain the 
solubility necessary for a successful enhancer of insulin absorption. 

All of the bile salts and bile srjt derivatives tested (sodium salts of 
ursodcoxycholale, taurocholate, glycocholaie, and taurodihydrofusidatc) effectively 
enhance polvpeptide absorption in the lung. 

Of the phospholipids tested, a single-chain phospholipid 
(lysophospatidylcholine) was an effective enhancer, while two double-chain 
phospholipids (diocianoylphosphatidylcholine and didecanoylphosphatidylcholine) 
were not. This may be explained by the fact that the double-chain phospholipids 
arc much less soluble in water than their single-chain counterparts. 

One glycoside, octylglucopsranoside, was not clearly effective as an 
enhancer of insulin absorption in the lung. It is believed that this is because it is 
not negatively charged at physiological pH, and so docs not promote insulin 
solubility as docs an anionic surfactant. It may be more effective with other 
polypeptides. 

Another class of potentially useful surfactants are the naturally 
occurring surfactants such as salts of glycvrrhizine acid, sap>onin glycosides aiKi 
acyl carnitines. 

For ionic enhancers (e.g., the anionic surfactants described above), the 
nature of the counterion may be important. The particular counterion selected may 
influence the powder pR^perties, solubility, stability, hygroscopicity, arnl 
locaVsystcmic toxicity of the enhancer or of any formulation containing the 
enhancer. It may also affect the subility and/or solubility of the polypeptide with 
which it is combined. In general, it is expected that nwnovaleni metallic cations 
such as sodium, potassium, lithium, rubidium, and cesium will be useful as 
counterions for anionic enhancers. Ammonia and organic amines form another 
class of cations that is expected to be appropriate for use with anionic enhancers 
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having a carboxylic acid moiety. Examples of such organic amines include 
ethanolamine, dicthanolamine, triethanolamine, 2-aniino-2-methylethylaminc, 
beuines. ethylenediamine, N.N-dibensylethylcnctetraamine, arginine, 
hcxamcthylcnctctraamine, histidine. N-meihylpiperidine, lysine, piperazinc, 
5 spemiidine, spem^inc, and trisChydroxymeihyl)aniinomcihane. 

Since effective enhancement of polypeptide absorption in the lung was 
observed for a number of the enhancers tested, it is expected that many more will 
be found uhich also function in this manner. For example, the cyclodextrins 
(either naturally occurring or synthetic modifications) arc known to enhance 

10 signiHcantly the nasal absorption of a polypeptide, and may function similarly in 
the lung. Starch microspheres effectively enhance the bioavailability of insulin 
delivered via the nasal membranes and were tested as an enhancer in the HKthods 
of the mvcntion. Ahhough they proved to be of linle use for delivery via the 
pulmonar> route in the animal model utilized herein, it is thought thai this was 

15 mainly due to technical difficulties which, if overcome, may lead to successful 
delivery via the pulmonar\* route. 

Chelators are a class of enhancers thai are believed to act by binding 
calcium ions. Since calcium ions help maintain the dimensions of the space 
between cells and additionally reduce the solubility of some poh^peptides, binding 

20 of these ions uould in theorv both increase the solubility of such polypeptides, and 
increase the paracellular permeability of the poKpeptides. Although one chelator 
tested, the sodium salt of cthylcnediaminetetraacebc acid (EDTA), was found to be 
ineffective in enhancing absorption of insulin in the rat model tested, other calcium 
ion-binding chelating agents may prove to be more useful. 

25 Other substances with known absorption-enhancing properties, or with 

physical characteristics which make them likely candidates for use in the method of 
the invention, can be readily tested by one of ordinar) skill in the assays described 
herein. It is possible that a combination of two or more enhancer substances also 
give satisfactory results. The use of such a combination in the method of the 

30 invention is considered to be within the invention. 




An enhancer useful in the n>ethods of the invention will combine 
effective enhancement of i)olypeptide absorption with (1) lack of toxicity in the 
concentrations used and (2) good powder properties, i.e.. lack of a sticky or waxy 
consistency in the solid state. Toxicity of a given substance can be tested by 
5 standard means, such as the MTT assay as for example described in Int J. Pharm. 
65 (1990) 249-259. The powder properties of a given substance may be 
ascertained from published data on the substance, or empirically. 

The amount of pharmaceutically active pol>peptide absorbed 
according lo the present invention can be significantly higher than the amount 
10 absorbed in the absence of enhancer. 

Prorvortions of insulin and enhancer 

The relative proportions of pol>peptide and enhancer may be varied as 
desired. SufHcieni enhancer must be present to permit efficient absorption of the 

15 inhaled polvpepiide; however, the amount of enhancer should be kept as low as 
possible in order to minimize the risk of adverse effects caused by the enhancer. 
Experiments carried out with sodium caprate combined in various ratios with 
insulin as the polyp^eptide, indicate that for this particular compound, acceptable 
absorption of poIypMrpiide requires that a minimum of 20-25^ of the polypeptide/ 

20 enhancer mixture be enhancer. WTiile each particular polj'peptide/enhancer 

combination must be tested to determine the optimal proportions, it is expected that 
10 achieve acceptable absorption of the polvpeptide, at least 10^ (preferably at 
least \5^, and m'^re preferably at least 20^) of the polypeptidc/cnharK:cr mixture 
must be enhancer; for most t>7>es of enhancers, the proportion of enhancer 

25 necessar> lo achieve satisfactory results will probably be between 10 and 50%, 

The preferred ratio for each polypeptide/enhancer (or p>ol>pcptidc/enhancer/diluent) 
combination can be readily determined by one of ordinary skill in the art of 
pharmacology by standard methods, based on such criteria as efficient, consistent 
delivery of the optimal dosage, minimi ration of side effects, and acceptable rate of 

30 absorption. 
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No further ingredients arc needed for ihc action of the preparation, but 
may be included if desired. For example, the amount of powder which constitutes 
a single dose of ? given pols-peptide/surfaciant combination could be increased 
(e.g., for use in an inhaler apparatus which by design requires a large powder 
5 volume per dose) by diluting the powder %fc-ith pharmaceulically acceptable diluents, 
such as lactose glucose or mannitol. Other additives may be included to facilitate 
processing or to improve the powder properties or stability of the preparation. A 
flavoring agent could be added so that the proportion of the powder which is 
inevitably deposited in the mouth and throat would serve to give the patient 

10 positive feedback that a dose had been delivered from the inhaJcr device. Any 
such additive should have the following prop>ertic5. (a) it is stable and docs not 
disadvantagcously affect the stability of the polype^>tide and enhancer, (b) it docs 
not disadvantagcously interfere with absorption of the pol>-peptide; (c) it has good 
powder propcnies. as that term is understood in the pharmaceutical arts; (d) it is 

15 not hygroscopic; and (e) it has no ?.dverse effects in the airways in the 

concentrations used. Useful tvpcs of su^h additives include mono-, di-, arnl 
polysaccharides, sugar alcohols, and other pclyoh: for example, lactose, glucose, 
mannitol, and starch. Such additives may constitute anywhere from 0% (i.e., no 
additive) to nearly IW'^ of the total preparation. 

20 In a preferred embodiment, this invention provides a therapeutic 

preparation of a pharmaceutically active polypeptide and a substance which 
enhances the absorption of said pol>peptidc in the lower respiratory tract, which 
preparation is in the form of a dry powder preparation suitable for inhalation of 
which at least 50^f by mass consists of (a) particles having a diameter of less than 

25 about 10 microns or (b) agglomerates of said particles; in another preferred 
cmKxliment, the invention provides a therapeutic preparation comprising a 
pharmaceutically active polypeptide, a sl .^stance which enhances the absorption of 
insulin in the lov^cr respiratory tract, arKl a pharmaceutically acceptable carrier, 
which preparation is in the form of a dry powder suitable for inhalation of which at 

30 least 50^?^ by mass consists of (a) particles having a diameter of less than about 10 
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microns, or (b) agglomerates of said particles; and in a further preferred 
embodiment this invention provides a therapeutic preparation comprising active 
compounds (A) a phamiaceutically active poUpeptide and (B) a substance which 
enhances the absorption of said poK-pepiide in the lower respiratory tract, wherein 
5 at least 50 f't of the total mass of active compounds (A) and (B) consists of 

particles having a diameter of less than about 10 microns^ and a pharmaceutically 
acceptable carrier, v^hich preparation is in the form of a dry powder preparation 
suitable for inhalation in which an ordered mixture may be formed between the 
active compounds and the pharmaceutically acceptable carrier. 

10 The described powder preparation could be manufactured in several 

ways, using conventional techniques In many cases, the purified polypeptide can 
be obtained from commercial sources. Alternatively, the poU-peptide of interest 
can be purified from a naturally occurring source using standard biochemical 
techniques, or can be obtained by expression of prokaryotic or eukaryotic cells 

15 genetically engineered to contain a nucleotide sequence which encodes the 
poKpcptide and has appropriate expression control sequences linked thereto 
(including a transgenic animal engineered to manufacture the desired peptide or 
protein, for example in its milk). Such methods are standard in the art (e.g., sec 
Sambrook et al.. Molecular Cloning: A Laboratory Manual; Cold Spring Harbor 

20 Laborator> Press. Cold Spring Harbor, NY, 1989). Peptides (i.e., polypeptides 
having 30 or fewer amino acid residues) can be readily synthesized by known 
chemical means. 

Absorption enhancers as described above are also generally available 
from commercial sources, or can be manufactured using published methods. For 
25 ionic enhancers, the counterion associated with the enhancer can be replaced with 
another, if desired, using standard ion exchange techniques. 

In manufacturing of the described powder preparation it will in 
general be nece>sary to micronize the powder in a suitable mill, e.g. a jet mill, at 
some point in the process, in order to produce primary panicles in a size range 
30 appropriate for nrvLximal deposition in the lower respiratory tract fi e., urnJer 
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10 pm). For example, one can dry mix pol>'peptide and enhancer powders, aitd 
then micronizc the substances together, alternatively, the substances can be 
microni^ed separately, and then mixed. 

It is also possible first to dissolve the components in a suitable 
5 solvenu e.g. uater, to obtain mixing on ihe molecular level. This procedure also 
makes it possible to adjust th- pH-value to a desired level, for instance to improve 
absorption of the polypeptide. The pharmaceutically accepted limits of pH 3.0 to 
8.5 for inhalation products must be taken into account, since products with a pH 
outside these limits may induce irritation and constriction of the airu^ys. To 

10 obtain a powder, the solvent must be removed by a proces?: which retains the 
polypeptide's biological activity. Suitable drying methods include vacuum 
concentration, open drying, spray drying, and freeze drying. Temperatures over 
40''C for more than a few minutes should generally be avoided, as some 
degradation of the certain polypeptides may occur. Following the drying step, the 

15 solid material can. if necessary, be ground to obtain a coarse powder, then, if 
necessary , microni^ed. 

If desired, the micronized powder can be processed to improve the 
flow properties, e g., by dry granulation to form spherical agglomerates with 
superior handling characteristics, before it is incorporated into the intended inhaler 

20 device. In si-ch a case, the device would be configured to ensure that the 

agglomerates are substantially deagglomerated prior to exiting the device, so that 
the panicles entering the respiratory tract of the patient are largely within the 
desired size range. WTiere an ordered mixture is desired, the active compound may 
be processed, for example by micronisation, in order to obtain, if desired, particles 

25 within a particular size range. The carrier may also be processed, for example to 
obtain a desired si/e and desirable surface propenies. such as a particular surface 
to weight ratio, or a certain ruggedr^^s, and to ensure optimal adhesion forces in 
the ordered mixture. Such physical requirements of an ordered mixture are well 
known, as are the various means of obtaining an ordered mixture which fulfills the 

50 said requireTT>ents. and may be detenrined easily by the skilled person according to 
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the particular circumsianccs. 

A preferred inhalation apparatus would have the 
follouing design characteristics: protection of the powder from moisture and no 
risk from occasional large doses; in addition as many as possible of the following 
5 are desired: protection of the powder from light; ; high respirable fraction and 
high lung deposition in a broad flow rate interval: low deviation of dose and 
respirable fraction; low retention of powder in the mouthpiece - this is particularly 
important for a muliidose inhaler, where polv-peptide retained in the nwuthpiccc 
could degrade and then be inhaled together with subsequent doses; low adsorption 
10 to the inhaler surfaces: flexibility in dose size; and low inhalation resistance. The 
inhaler is preferably a single dose inhaler although a multi dose inhaler, such as a 
multi dose, breath actuated, dr\' powder inhaler for multiple use, may also be 
employed. Pcferably the inhaler used d unit dose, breath actuated, dry powder 
inhaler for single use. 

15 A number of t!ry powder formulations containing a polypeptide and 

various enhancers have been prepared and tested in an in vivo assay, and arc 
described below. Also described is an in vitro assay useful for testing 
polvpeptide/cnhancer combinations. 



20 Example 1 

9.75 g of human insulin and 250 ml water arc added to a beaker The 
pH is lowered to 3.4 uith 1 M HCl and then raised to 7.4 with 1 M NaOH in 
order to dissolve the insulin. 3.25 g sodium capraie is added and the pH is again 
adjusted to 7.4. The solution is stirred, and when the solution is clear or weakly 

25 opalescent, it is concentrated by evaporation at 37°C in about 2 days. The 
obtained solid cake is crushed and then sieved through a 0.5 mm sieve. The 
powder is micronirrd in a jet mill to produce particles with a mass median 
diameter of about 2 pm. This micronizcd powder, containing 75% insulin and 25% 
sodium caprate by weight, is filled into an appropriate inhalation apparatus, and 

30 delivered to animals. Blood glucose and plasma insulin values are measured at 
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specified lime intervals. 

The results from an inhalation study in t\*o dogs are summarized 

the tables below. 
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TABLE 1 



10 
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Rlru-v! ^:^mn!e time a^ftcr 
end of expo (minutes) 


Blood 
glucose 
(mmol/Li 


Insulin cone 
(pU/ml) 


before 




6.70 


0.5 




120.66 


1 ■ 

5 




194.47 


10 




195.39 


20 


n .u. 


139.74 


22-5 


1.6 


n.d. 


31 


2.0 


73.42 


45 


1.7 


47.49 


5<..5 


1.7 


36.21 


89.5 


2.3 


19.28 


1 120 


3.0 


14.58 


1 


4.5 


5.28 1 



^n.d. = nol dcic rmincd 
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TABLE n 



10 



15 



[ 

Blood sample time 

oJ ICX Cl lU V7l t A 

(minutes) 


Blood 

gluco?^ 

(mmoLl-) 


Insulin cone 
OjLVml) 


before 


3.9 


44.84 


3 


4.2 


165.10 


6 


4.3 


158.28 


12 


3.9 


n.d. 


14 


n.d- 


180.72 


19 


3.0 


133.75 


30 


2.7 


143.71 


45 


2.5 


91.62 


60 


2.4 


66.70 


90 


2.7 


38.58 


122 


3.7 


29.15 


241 


4.1 


n.d. 


242.5 


n.d. 


19.76 



n.d. = not d'-tcmiinc3 ~ ~~~~ 

It is obvious from the above tables that the fomiulation markedly 



incrca"^cs the plasma level of insulin and decreases the blood glucose. The peak 
value for plasma insulin and the minimal value for blood glucose are reached after 
25 approximately 20 and 60 minutes, respectively. 



Example 2 

Each of the compounds listed in Table HI was tested for its ability to 
enhance upuke of a pol>'peptide (insulin) in a rat model. Various forms of insulin 
30 were employed in the different trials; recombinant human, semisynthetic human or 
bovine. Each formulation was prepared as above, drying and processing ihc 
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10 



insulin/enhancer or insuliit/cnhanccr/lactose solution lo produce an inhalablc 
powder. The powder was administered to raw by inhalation, and the blood 
glucose levels of the rats were subsequently nwnitorcd as a measure of insulin 
uptake. These levels were compared to the corresponding values obtained from 
rats which had inhaled insulin formulations without enhancer. 

The same in vivo model system could be used to test any given 
peptide or protein for usefulness in the methods of the invention, by delivering by 
the same inhalation method a fomnulation containing the desired peptide or protein 
combined with an enhancer, and assaying for the concentration of the desired 
peptide or protein in the systemic circulation of the test animal (e.g., by standard 
immonoassays or biochemical assays as appropriate for the given peptide or 
protein). 



m 
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TABLE in 



• 

Substance 


Enhanccr:Insulin:!actosc 


Effect 


i Uctyigiucopyranosiuc 


4:4:92 


(+) 


C/^/4ii%rv^ aircrv^^AY VPnrtlDt^ 


4:4:92 


+ 


oOQium idurw, iKMciit 


4:4:92 






4:4:92 




1 \/c/^nHrtQr»fi ^ ti H V if* nnl 1 DC 


4:4:92 






2.4:94 


(+) 




4:4:94 


- 


Crfcrf-!iiim t*! 1 irr\rliH vHrnfii ^inst^ 


2:4:94 




oOQium Capr>i4iic 


25:75:0 




Sodium capratc 


10:90:0 


(^) 


Sodium capratc 


17.5:82.5:0 


( + ) 


Sodium capratc 


25:75:0 


^ 1 


Sodium capratc 


4:4:92 




Sodium laurate 


25:75:0 


(^) 


Potassium olcatc 


4:4:92 





^ cffccu i.c, enhancer gives a significant defect in blood glucose 

20 level. 

no or ver>' small effect 
(+) effect not clear, i.e. no definatc assessment could be miwJc. 
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Example 3 

A stafHlard in vitro assay utilizing an epithelial cell line, CaCo-2 
(available through the American Type Culture Collection (ATCC), Rockvillc» MD. 
5 USA), has been developed to assess the ability of various enhancer compounds to 
promote transport of insulin and other markers across an epithelial cell monolayer, 
as a model for the epithelial cell layer which functions in the lung to separate the 
alveolus from the pulmonary blood supply. In this assay, the enhancer and 
pol>peptide or other marker are dissolved in aqueous solution at various 

10 proportions and/or concentrations, and applied to the apical side of the cell 

monolayer. After 60 min incubation at 37X and 95^:^ RH (relative humidity), the 
amount of the marker on the basolattral side of the cells is determined, c.g by use 
of a radioactivcly labelled marker. For the enhancer tested, sodium caprate, the 
amount of marker (mannitol, MW 360) uhich appears on the basolateral side is 

15 dependent upon the concentration of enhancer used, at least up to 16 mM sodium 
caprate (Fig. 1). Thi^ is true even uhen insulin is added to the enhancer/mannitol 
mixture (1:3 scxiium capraterinsulin, by weight) (Fig. 2). This concentration of 
sodium capraie (16 mM) was also found to promote absorption across the cell 
monolayer of t%^o \o\^ molecular weight peptides, insulin (NfVV 5734) and 

20 vasopressin (MW 120S). The amount of insulin which passed across the 

monolayer doubled in the presence of 16 mM sodium caprate, compared to the 
amount in the absence of any enhancer, the amount of vasopressin which was 
absorbed across the monolayer increased 10-15 times compared to the amount in 
the absence of any enhancer. In contrast, no increase in transport rate was 

25 observed for larger proteins such as c>lochrome C (MW 12,300), caibonic 

anhsdrase (?slW 30,0rX)) and albumin (\fW 69,000) when tested at up to 16 mM 
sodium caprate It is expected that at higher corKrenirations of sodium caprate, the 
permeability of the cells will be further increased, permitting the transport of larger 
polypeptides; however, the potential c>'totoxicity of sodium capraie may prevent the 

30 use of substantially higher corKrentrations of this particular enhancer. 
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This in vitro model of epithelial cell permeability can be used as a 
screening tool for rapidly testing any desired polypeptide/enhancer combination for 
usefulness in the methods of the invention. 
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WhM is claimed is: 

1. A pharmaceutical composition, comprising a mixture of active 
5 compounds (A) a phamiaceuiically active poh-peptide and (B) an enhancer 

compound \xhich enhances the systemic absorption of said polvpeptide in the lower 
respirator) tract of a patient, said mixture being in the form of a dry powder for 
inhalation, in u hich at least 50"! of the total mass of active compounds consists of 
pnmar> particles having a diameter less than or equal to about 10 microns, said 
10 primarv particles optionally being formed into agglomerates. 

2. A pharmaceutical composition as claimed in claim 1, additionally 
comprising a pharmjccutically acceptable carrier, which comprises either 

(a) particles having a diameter of less than about 10 microns, such 
15 that at lea*it 50 ^ of the resultant powder consists of optionally agglomerated 

primarv' particles having a diametrr of less than about 10 microns: or 

(b) coarse particles, such that an ordered mixture is formed between 
the active compounds and the said carrier. 

20 3. The comf>osition of claim K herein said poh-peptide is a 

pohpepiide hormone. 

4. The composition of claim 3, wherein said hormone is vasopressin, 
glucagon, calcitonin, corticotropin, gonadotrophin, C-peptide of insulin, growth 
hormone (HG), growth hormone releasing hormone (GHRH), desTTK>pressin, 
ox>iocin, corticotropin ^leasing hormone (CRH), somatostatin analogs, 
gonadotropin agonist analcgs (GnRHa), atrial natriurrtic peptide O^ANP), thyroxine 
releasing hormone (TRHrh), follicle stimulating hormone (FSH). prolactin, or 
mclanoc>te stimulating hormone (NISH). 




30 
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5. The composition of claim 1, whcrrin said poI>-pcptidc is a growth 
factor an inicrJcukin: an antigen-binding fragment of an antibody; a targeted 
hybrid toxin; a pol>T>eF^<l« vaccine; an enzy-me; superoxide dismuthasc (SOD); an 
endorphin; or a soluble, ligand-binding fragment of a cellular receptor. 

5 

6. The composition of claim 1. u herein said polypeptide has a 
molecular weight of less than 40 kD. 

7. The composition of claim K wherein said poK-peptide has a 
10 molecular weight of less than 15 kD. 

8. The composition of claim U wherein said enhancer compound is a 

surfactant 

15 9. The composition of claim 8, vw herein said surfactant if a salt of a 

fany acid. 

10. The composition of claim 9, wherein said fatt>' acid has 8-12 
carbon atoms. 

20 

11. The composition of claim 10, wherein said fatty acid is capric 

acid. 



12. The composition of claim 11, wherein said surfactant is sodium 

25 caprate. 

13. An inhaler device containing the composition of claim 1. 
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14. The inhaler device of claim 13, wherein said composition is in 
the form of said agglomerates, said de\ice being configxired to induce the majority 
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of said agglomerates to break down into particles having a diameter less than or 
equal to about 10 microns, upon inhalation of said agglomerates from said device. 

15. The inhaler device cf cla^m 14, which inhaler device is a unit 
dose, breath actuated, dry powder inhaler for single use. 

16. The inhaler device of claim 15, which inhaler device is a multi 
dose, breath actuated, dry powder inhaler for multiple use. 

17. A method for systemic adnninistration of a pharmaceuticaily 
active poK'p)eptidc, comprising 

providing a composition comprising a mixture of active compounds 
(A) a pharmaceuticaily active pohpeptide and (B) an enhancer compound which 
enhances the systemic ab<;orption of the poKpeptidc in the lower respiratory tract 
of a patient, said composition being in the form of a dry p>owder, and 

causing said patient to inhale said composition; provided that the 
diameter of the particles of the active compounds at the point they enter the 
respiratory tract of the patient is less than or equal to about 10 microns, 

18. The HKihod of claim 17, wherein said composition is inhaled 
from an inhaler device which contains said powder in the form of agglomerates of 
said particles, said agglomerates being substantially deagglomerated prior to 
entering the respiratory tract of said patient 

19. A process for the manufacture of a pharmaceutical composition 
suitable for administration by inhalation, comprising 

providing a solution in which are dissolved (a) a pharmaceuticaily 
active polypeptide and (b) an enhancer compound which enhances the systemic 
absorption of the polypeptide in the lower respiratory tract of a patient; 

removing the solvent from said solution to yield a dry solid 
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comprising said pol>T>cptidc and said enhancer compound; and 
pulverizing said dry solid to produce a powder. 

20. A process for the preparation of a pharmaceutical composition 
suitable for administration by inhalation, comprising 

dr>' mixing (a) a pharmaceutic ally active pol>T>eptide and (b) an 
enhancer compound which enhances the absorption of the polypeptide in the lower 
respiratory tract of a patient; and 

micronizine the obtained mixture. 

21. A prcxress for the manufacture of a pharmaceutical composition 
suitable for administration by inhalation, comprising 

providing a first micronized preparation comprising a pol>-peptide and 
a second micronized preparation comprising an enhancer compound which 
enhances the absorption of the polvpeptidc in the lung of a patient; and 

mixing said first and second micn.>nized preparations. 

22. Use of an enhancer in the preparation of an inhalable dry powder 
preparation of pwKpcpiide, with enhanced systemic absorption of said polypeptide 
in the lower respiraior>' tract, in which at least 50% of total mass of polypeptide 
and enhancer consists of (1) panicles having a djaTr>eter of 10 microns or less, or 
(2) agglomerates of said particles. 

23. Use according to claim 22, wherein the polypeptide is a 
polypeptide hormone. 

24. Use according to claim 23, wherein said hormone is vasopressin, 
glucagon, calcitonin, corticotropin, gonadotrophin, C-peptide of insulin, growth 
homx>ne (TIG), growth hormone releasing hormone (GHRH), desnr>oprcssin, 
oxytocin, corticotropin releasing hormone (CRH), somatostatin analogs. 
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gonadotropin agonist analogs (GnRHa), atrial natriuretic peptide (hANP), thyroxine 
releasing hormone (TRHrh), follicle stimulating hormone (FSH), prolactin, or 
melanocNtc stimulating hormone (MSH), 

25. Use according to claim 24, wherein the enhancer is a surfactant 

26. Use seconding to claim 25, wherein the enhancer is a salt of a 

fatt\' acid. 



27. Use according to claim 26, u herein the enhancer is sodium 

capraic. 
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roMPOsmoNS for inhalation 

Abstract of the Disclosure 
Pharmaceutical compositions containing a mixture of a 
pharmaceutically active polypeptide and an enhancer compound which enhances 
the systemic absorption of the polypeptide in the lung of a patient, the mixture 
being in the form of a dry powder, in which at least 50% of the total mass of 
pol>peptide and enhancer consists of primary particles having a diamcier less than 
or equal to about 10 microns, the primary particles optionally being formed into 
agglomerates; and methods of delivering such compositions by inhalation. 
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